The neutral kaon meson mixing plays an important role in test of the Standard Model (SM) and new physics beyond it. Scale invariant unparticle physics induces a flavor changing neutral current (FCNC) transition of K 0 −K 0 oscillation at the tree level. In this study, we investigate the scale invariant unparticle physics effects on the K 0 −K 0 mixing. Based on the current experimental data, we give constraints of K 0 −K 0 mixing on the unparticle parameters.
I. INTRODUCTION
The neutral kaon meson system had played an important role in history. The mixinginduced and indirect CP violation were both first discovered in this system [1] . In the SM, the neutral kaon mixing is occurred through a flavor changing neutral current transition depicted by a box diagram at the loop level. Thus it provides an important place to test the SM and/or explore new physics beyond it. The interests in research of new physics in the neutral kaon system is very long. Even recently, there are many new physics studies, for example, in [2] [3] [4] [5] [6] [7] . At present, the experimental data on the neutral kaon mixing is very precise, and the theoretical studies, in particular the lattice calculations on the nonperturbative quantities are also improved a lot. The researches on the neutral kaon system are going into a deeper level.
The purpose of the study is to explore the neutral kaon mixing within a new physics scenario called by unparticle. This is an idea proposed by Georgi in [8, 9] . Scale invariance is the guiding principle in this scenario. A scale invariant stuff, named by unparticle, possesses some properties which are different from those of the ordinary particles. The dimension of unparticle is in general fractional rather than an integral number. Another aspect is that the real unparticle has no definite mass. The interactions between the unparticle and the SM particles are described in the framework of low energy effective theory and lead to various interesting phenomena. The unparticle physics had been got intensive interests after the idea was proposed. Although this topic is currently not hot, it is still necessary to study its effects in different physical processes. Because we don't know what is the right direction of new physics and which new physics model favors the real world.
Within the unparticle scenario, the neutral meson mixing, such as
s have been explored [10] [11] [12] [13] . Only the neutral kaon mixing is not studied. Because the energy scale related to the kaon system is lower than other heavy mesons, the SM contribution should be more dominant and the new physics will play less important role. However, the more precise data on the kaon system can provide more stringent constraint on the new physics parameters. This is the reason why the kaon system is still an active research area. One difficult problem related to the kaon system is the long distance contribution to the mixing parameter which is not easy to evaluate. This problem becomes more serious in the kaon system than that in the heavy meson. The aim of this study is to constrain the unparticle parameters from the neutral kaon mixing. Because there is no similar study before, it is necessary to investigate whether the unparticle scenario can be applicable to the kaon system.
At first, we give notations for the neutral kaon system. In the K 0 −K 0 system, the oscillation between the two neutral kaon mesons is described by the equation
We thus get
Sinceε is small, at the order of O(10 −3 ), the below relations are reasonable,
It should be noted that the above relations are still applicable in the unparticle physics. Thus, neglecting the small imaginary part of M 12 and Γ 12 , we can get a good approximation:
In the SM, the matrix elements M 12 , Γ 12 of the K 0 −K 0 mixing contains both the short distance (SD) and long distance (LD) contributions:
An important formula forε including both the SD and LD contributions of the SM is [14] 
Where the phase φ ε = (43.51 ± 0.05)
• and factor κ ε = 0.94 ± 0.02. Thus, the mixing parameterε is approximated byε
At the quark level, the flavor changing neutral current transitions between K 0 andK 0 are induced through a box diagram with exchange of the intermediate up type quarks. This is the the short distance contribution to M 12 . From [15] , the formula is given as
where f K is the K-meson decay constant, m K is the K-meson mass, andB K is the renormalization group invariant parameter. The parameters λ i = V * is V id where V is and V id are the CKM matrix elements. The functions S 0 are
The values of η i are taken to be the next-to-leading-order (NLO) results given in [16] [17] [18] [19] η 1 = 1.38 ± 0.20, η 2 = 0.57 ± 0.01, η 3 = 0.47 ± 0.04.
For the Γ 12 , the SD contribution arises from the virtual quark interactions which is expected to be very small. The LD contribution coming from the intermediate hadron states should dominate. However, the theoretical uncertainties due to the non-perturbative dynamics is very large. Usually, it's difficult to separate the hadron uncertainties and the new physics effects. As will be shown, the unparticle parameters can be constrained from the term M 12 . So, in the discussion later, we will not use the Γ 12 in order to reduce the theoretical uncertainties.
In the above derivations and the forthcoming discussions in the unparticle physics, the below relations are useful
where m s,d are the strange and down quark masses.
In this section, we turn to study the K 0 −K 0 mixing in unparticle physics. In the low energy effective theory, unparticle fields will emerge below an energy scale Λ U [8] . The relevant low energy effective interaction for the s and d quarks is described by
where O U and O µ U denote operators of the scalar and vector unparticle fields respectively. The C S and C V are dimensionless coefficients and they depend on quark and lepton flavors in general. Since only quarks s and d are concerned in this study, we will simplify C ds S → C S and C ds V → C V in the later discussions. The propagators for the scalar and vector unparticle fields with the time-like momentum P are given by [9, 20] 
where
Here we consider the vector unparticle which is not transverse: ∂ µ O µ U = 0 unless d U = 0 due to unitarity constraint [21] . Another property of d U requested by the unitarity constrain is that d U ≥ 3 for vector unparticles and d U ≥ 1 for scalar unparticles [20] . The scale dimension d U is fractional in general, and it cannot be integral (except d U = 1. where the singularity is canceled by A d U in the nominator) due to the singularity of the function sin(d U π) in the denominator. The factor e −id U π provides a CP conserving phase which produces peculiar interference effects in high energy scattering processes [9] , Drell-Yan process [22] and CP violation in B decays [12] . Unlike the SM where the ∆S = 2 FCNC transitions occurred at loop level, the unparticle contribution can induce a tree level FCNC transitions between K 0 andK 0 which is depicted in Fig. 1 . There are two diagrams corresponding to t-and s-channel unparticle exchanges. For the s-channel, the momentum of the unparticle P 2 = m 2 K . For the t-channel, the the momentum of the unparticle is not fixed which introduces an uncertainty in the calculation. Because strange quark mass is much greater than that of the down quark, m s ≫ m d , the momentum of the kaon meson is mostly carried by the strange quark. The momentum of the exchanged unparticle will be at the order of m K , and we make an approximation that P 2 ≈ m 2 K . Using the Feynman rules given above, we obtain the final expression for the transition matrices in the unparticle physics. For the scalar unparticle,
and
for the vector unparticle. For both cases, we have
The above relation has been given in [13] .
For the mixing parameterε, it is straightforwardly to obtain
where we have used the ∆M exp K to replace the ∆M K in Eq. (12) . The above formula is applicable for both the scalar and vector unparticles.
IV. CONSTRAINTS OF THE UNPARTICLE PARAMETERS
In the K 0 −K 0 system, the mass difference ∆M K , width difference ∆Γ K and the CP violating parameterε are the most important experimental parameters. We will make use of these data to constrain the phenomenological parameters of the unparticle physics. From PDG [23] , the experimental results are
The relations between the experiment and theory have been obtained as
The SD contribution of M SM 12 is given in Eq. (13) and can be calculated reliably. The main uncertainty in the SM comes from the parameterB K . We use the valueB K = 0.724 ± 0.024 given in [24] calculated from a lattice method. For the LD part ReM LD 12 , it is taken from [14] :
After subtracting the SM contribution, the remained is the new physics effect. Thus, we can know the unparticle contributions ReM 
(27) one need to note that Eqs. (8, 9) are used in deriving above equations. The vector coupling is more suppressed due to an additional factor
Similarly, the real and imaginary parts of the scalar coupling C 2 S are given by
and for the vector coupling C 2 V , the real and imaginary parts are given by
(29)
A. Input parameters
Here, we collect all the input parameters used in the numerical analysis. Most parameters are taken from PDG [23] .
CKM parameters (A, λ, ρ, η): 
B. Bounds on the unparticle parameters
After the above preparations, we are now ready to discuss the numerical results. The phenomenological parameters of unparticle physics are: scale dimension d U , energy scale Λ U and the coupling coefficients C S (C V ). At first, we provide an estimate on the magnitude of the scalar coupling parameter C S from the neutral kaon mixing and then compare it with the values constrained from the neutral B and D systems. As [11] , we fix the energy scale and dimension by Λ U = 1 TeV and d U = 3/2. The numerical results of the absolute value of the scalar coupling parameter |C S | are given in Table I . We also include the upper bounds of the coupling from neutral B and D systems given in [11] for comparison. Because the unitarity constraint for the vector unparticle is not considered in [11] , it is impossible to compare the results for the vector coupling coeffients. Thus, only the scalar coupling parameter is given. From Table I , the scalar coupling coefficient C S is constrained to be C S = 7.1 × 10 −3 . Under the assumption that the coupling parameter is flavor independent, the kaon mixing provides more stringent constraints on unparticle coupling than other systems. 
From B-system
From D-system From K-system
As a next step, we consider the general case where the scale dimension is varied. At present, the exact knowledge about the range of the scale dimension is still unknown. As we have pointed out before, unitarity constraints request d U ≥ 1 for scalar and d U ≥ 3 for vector unparticles. For the coupling parameters C S (C V ), their real and imaginary parts will be explored separately unlike the analysis in [11, 12] . Because the coupling coefficients C S (C V ) are very sensitive to the scale dimension d U and change rapidly as d U varies, we introduce logarithmic functions X (S,V ) = log 10 |ReC Since X (S,V ) and Y (S,V ) represent the order of ReC (S,V ) and ImC (S,V ) , negative values mean that the coupling coefficients are smaller than 1. If the coupling parameters are too large, one may meet the non-perturbative problem. If we require that the coupling parameters are smaller than 1, we obtain 1 < d U < 2 for scalar unparticle. For the vector unparticle, d U has to lie very close to 3. This unnatural thing indicates that the vector unparticle contribution is either too small or a large coupling parameter is required. From Figs. 2 and 3 , it is shown that the values of X are larger than Y by about 1-2, thus the magnitude of the real part of the coupling parameters C (S,V ) is larger than their imaginary part by 1-2 orders for both the scalar and vector unparticles. The physical reason is that the real part is proportional to ∆M exp K while the imaginary part contributes to the small kaon mixing parameterε. Another property of these figures is that the parameters X and Y are increasing in nearly the whole range except at the integral and half integral points of d U . This is because of the tan(d U π) function, will break to +∞ or −∞ when the dimension is getting half integral, or become to be zero when dimension is integral. In both cases, there will be no constraints on C (S,V ) . The dependence of C (S,V ) on the energy scale Λ U is simple because C (S,V ) are proportional to Λ
. This can be also seen clearly from figures where we gives two cases of Λ U = 1 TeV and Λ U = 10 TeV. 
V. CONCLUSIONS AND DISCUSSIONS
In this study, the new physics effects from scale invariant unparticle sector on the K 0 −K 0 mixing are explored. The SM contribution, in particular the long distance part, will produce large uncertainties which is not under well control. This difficulty exists for any new physics search in the kaon system. We have considered the long distance contributions in a simple and maybe a bit crude way. This treatment can be improved in the future if we have better knowledge of the non-perturbative hadron dynamics. With the unparticle scenario, the flavor changing neutral current transitions of K 0 −K mixing can occur at tree level. Thus, the neutral kaon system provides a sensible probe to unparticle physics. We observe that the kaon system gives very stringent constraint on the parameters. The coupling parameter for the scalar unparticle and quarks is obtained to be at the order of 10 −3 . For the vector unparticle, if the unitarity condition is imposed, there is nearly no parameter space to let the coupling coefficient be smaller than 1. When the scale dimension d U is larger than 3, the vector unparticle contribution will be small, otherwise, large coupling parameters are required which may induce non-perturbative problem. Our numerical results show that the coupling parameters are very sensitive to the choice of the scale dimension.
The unparticle physics effects on the neutral B and D mixing had been studied a lot in literature but no study on the neutral kaon system up to now. Our result show that the neutral kaon is also important for testing the unparticle scenario.
